While computer science (CS) continues to permeate every aspect of society, the number of high-school students that are adequately prepared to enroll in university computer science programs is declining. To address the nation's needs it is clear that the retention rates of underrepresented minorities in CS programs across the country must increase, including the instruction and retention of students at Historically Black Colleges and Universities (HBCUs). At the university, a multi-phased program was developed that first partnered the department with Google to develop a unique program that incorporated Google software developers and undergraduate students, as well as course restructuring to better prepare underclassmen in their first three courses of study. First-year results indicated the program was successful in increasing student retention and interest in CS.
INTRODUCTION
While computer science (CS) continues to permeate every aspect of society, the number of high-school students that are adequately prepared to enroll in university computer science programs is declining. Many high schools do not offer the necessary CS courses to successfully prepare students for CS undergraduate programs [1] [17] . In many urban areas, courses such as AP Computer Science are nonexistent. Instead, the lowest-level, introductory computer technology classes teach students basic computer literacy, including how to use applications such as Microsoft Excel and PowerPoint [2] . These courses do not teach computer science fundamentals such as computational thinking and problem solving.
If the U.S. intends to grow its domestic STEM workforce, the focus must not only include what is taught, but before that, who is academically prepared, mentored, and socialized to engineering (and in this case, CS) as a career [26] . To address the nation's needs it is clear that the retention rates of underrepresented minorities in CS programs across the country must increase. This requires placing emphasis on improving undergraduate student instruction and engagement in the first two years of entering university CS programs, particularly at Historically Black Colleges and Universities (HBCUs), where a large pool of the future CS workforce are matriculating.
At the university, a multi-phased program was developed that first partnered the department with Google to develop a unique residency program. This program allows current software developers to serve as full-time faculty members in HBCU CS departments where they teach an introductory CS course and other electives. A peer-led tutoring program was also developed, which allows students to receive additional assistance in the first three courses of study in the major. Freshmen and sophomore students were targeted, as most attrition occurs within the first two years of study. Through activities that provided opportunities for students of all classifications, the program not only increase retention of students within the first two years, but also improved student performance in introductory-level CS programs, in preparation for higher-level CS undergraduate courses.
The remainder of this paper is organized as follows. Section 2 discusses the motivation behind the program. Section 3 presents Phase I of the program. Section 4 presents first-year results of the program. Section 5 concludes the work and discusses Phase II components.
MOTIVATION
A review of the literature on computer science education, STEM education, and the attraction, engagement, and retention of K-16 underrepresented students (specifically African-American and Hispanic) in computer science has identified several important points:
1. There is a lack of diversity in computer science.
According to results of the most recent Taulbee Survey, two-thirds of all bachelor's degrees conferred in computer science were awarded to white, non- Majority of these students leave the major within the first two years. According to data provided by the College, the department loses close to 50% of its incoming freshman by the end of their sophomore year.
The Role of HBCUs
The national enrollment and retention rate of African-American students in STEM lags behind that of their white peers. However, Historically Black Colleges and Universities (HBCUs) have traditionally been more successful in attracting, retaining, and graduating African-American STEM students than Predominantly White Institutions (PWIs). African-American students enrolled at HBCUs account for approximately 13% of all African-American students enrolled in college [19] . While they account for only 4% of domestic colleges and universities, HBCUs produce 31% of all African-American STEM majors [12] . They also tend to have lower attrition rates than PWIs. Studies suggest that graduates of HBCU undergraduate institutions in STEM disciplines are more likely to attend graduate school and complete doctoral degrees than African-American graduates from other non-HBCU institutions [27] . This illustrates the critical role that HBCUs play in helping to overcome a nationwide shortage of scientists and engineers who are vital to the nation's future economic growth and competitiveness [10] .
PROGRAM DESCRIPTION
The goal this project is singular: To increase the retention of African-American CS undergraduates in the first two years of study.
To achieve this goal, the following objectives were outlined:
1. Improve student performance in the first three CS courses in the CS program of study. 2. Improve students' perceptions of CS. 
CS 0 Course Restructuring
Prior to the 2012-2013 academic year, SCS freshmen were required to take CS 1-Intro to Programming in their first semester and CS 2-Elementary Data Structures in their second semester. These were the two "weed-out" courses that most heavily affected retention rates. Students began taking programming courses, without a proper understanding of what CS was and why C++ programming was an important foundation in the discipline. To circumvent this issue, the department restructured the four-year program of study to require freshmen to complete a new course, CS 0-Introduction to SCS (taken fall-freshmen year), followed by CS 1 (taken spring-freshmen year), and CS 2 (taken fallsophomore year). The new implementation of CS 0 provided students with a "big picture" of CS, the applications and career paths available, and introduced CS fundamentals such as algorithms, problem-solving, and computational thinking prior to learning programming. The course was designed to help combat the disillusionment cited in the literature, as well as provide students a broad context for future higher-level courses.
Upon completion of the fall 2012 semester, there were numerous issues with the course that were identified by both students and faculty:
1. Lack of cohesiveness in course content. Faculty presentations varied each week, with no structured format or requirements. 2. Course content was too detailed. For some tracks, faculty presented material at a level too detailed for freshmen CS students to comprehend. 3. Lack of interest/engagement with students. Many students expressed that majority of the course content did not engage them and they found the course boring and a waste of time. 4. Lack of hands-on activities. Most of the lectures were non-interactive. In addition, assignments included reading from a purchased course textbook and writing papers. Students expressed the desire to have more hands-on activities throughout the semester.
Googler-In-Residence Program
The Googler-in-Residence (GIR) program was piloted in the 2013-2014 academic year. The program was designed to strengthen the relationship between the university and Google, provide direct access to Black Googlers for students, infuse curriculum with real-world context, increase perception of and interest in CS, and increase the number of departmental students apply for and entering Google summer internships and full-time positions.
Through this program, a Google software developer served as a full-time faculty member at the university for the full academic year. The GIR and faculty worked collaboratively infuse CS 0 content with Google's Computer Science Summer Institute (CSSI) curriculum. The CSSI is a three-week summer program implemented in two sessions at Google sites in Mountain View, California and Cambridge, Massachusetts. Approximately 60 incoming freshmen from universities across the country participate in the program, which includes the following goals:
1. To enrich the skills of CS undergraduates early in their academic career, so as to increase the pipeline into CS and retention of students. 2. To provide social and professional networking opportunities for underrepresented students in technology. 3. To empower students, by providing tools, motivation, and confidence to continue pursuing CS as a major.
Students were introduced to CS through introductory lessons and assignments on HTML/CSS, Python, Unix, JavaScript, and AppEngine.
CS Bootcamp
CS Bootcamp was created to provide additional departmental support for students in their first two years of study. CS Bootcamp is a peer-tutoring program led and conducted by computer science undergraduates. The courses targeted for CS Bootcamp include CS 0, CS 1, and CS 2. Underclassmen can attend Bootcamp four days per week to gain extra practice and assistance with concepts covered in these three classes. This includes practice problems, strategies, reviewing lecture notes, etc.
CS Bootcamp is led by CS upperclassmen (Bootcamp Leaders)
who have successfully completed these courses with a grade of 'B' or higher. Leaders are provided course topics and work with students in small groups and individually. Because Bootcamp Leaders are current upperclassmen who have successfully completed these courses, Bootcamp reinforces peer learning.
CS Bootcamp serves two important purposes. First, underclassmen have additional support mechanisms within the department, outside of faculty or teaching assistant office hours. Underclassmen are able to gain assistance from upperclassmen through peer-led tutoring, group discussions, and problem solving. Second, upperclassmen are able to gain experience presenting and teaching CS concepts to groups, and facilitating problem-solving discussions. This ensures that they not only understand, but also can clearly articulate fundamental CS concepts to others, as they prepare for post-graduation job interviews and graduate school.
RESULTS
As a result of Phase I (GIR program and CS Bootcamp), course enrollment and performance increased in CS 0 and CS 1 for both SCS majors and non-majors. Table 1 In addition, the success of the course resulted in it being offered in the spring 2014 semester. In total, a 297% enrollment increase was experienced. This significant increase was attributed to both increased student transfers to SCS and increased advertising of the course outside of the department and College, in an attempt to attract more non-majors to the course and department. Approximately 94% of all SCS students passed CS 0 in the fall 2013 semester, compared to 72% in the fall 2012 semester. For CS 1, approximately 67% of students passed the course in the spring 2014 semester, compared to 59% in the spring 2013 semester. These results indicate that a higher number of students passed the first two CS courses of study in the major than in the year prior to implementation of the new program.
Students also found the CS 1 content easier to understand and apply as a result of first learning Python in CS 0. Upon completion of the semester, students found it more beneficial to have gained basic programming experience using Python than performing other tasks like writing papers. This illustrates that students were not only better prepared for CS 1, but also performed better in the class.
The GIR and CS Bootcamp programs were successful in not only improving the performance of CS underclassmen, but also increasing the interest in computer science for students both within and outside of the department and College. As a result, CS 0 is offered in the fall semester for majors and the spring semester for non-majors. In the fall 2014 semester, approximately 65 SCS students are enrolled. In CS 2 (the first implementation of the course since the program was developed), approximately 35 students are currently enrolled in the fall 2014 semester. The success of the GIR program has also resulted in the program extending to four additional HBCUs in the 2014-2015 academic year. Each university has a dedicated GIR teaching an Introduction to CS course equivalent as a department faculty member and additional department electives.
CONCLUSION
African-American students form an important cohort with respect to the U.S. STEM and CS workforce. This is a large group of students who exit the CS pipeline, due to disillusionment and poor performance. As a result, this is a large population who could fuel the U.S. workforce, if proper intervention, recruitment, and retention ensured that they not only persisted in the discipline, but also excelled. The department's program has been successful in not only instructing and retaining students, but also increasing interest in CS from external departments. Phase 2 of the program includes the implementation of a virtual pre-college program, to be implemented summer 2015. 
